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THE EFFE CT OF CONTINUED GRINDING ON WA'l'ER OF 
CRYSTALLIZATION. 
BY NICHOLAS KNIGH'l'. 
l\fauzelius ( Sveriges G eol. Undersoekning Arsbok 1 19 07 ) ; Day and 
Allen ( Bull . U. S .  Geol. Survey, 305, p. 35) , Hillebrand (Journ. Am. 
Chem. Soc. xxx 7 )  and Knight ( Chem. News xcvii 122 ) have shown the 
effect of fine grinding on the water and ferrous content of minerals and 
rocks. In this paper we are able to show the effect of continued grind­
ing on some hydrates . The water was determined in each specimen after 
grinding it a half hour, an hour, an hour and a half, and two hours. 
The two hours ' grinding seemed to give the maximum results. The 
grinding was done by hand in an ordinary Wedgewood mortar. In each 
determination, exactly one gram of the substance was weighed into a 
porcelain crucible and the water was removed by heating to constant 
weight with a Tirrell bu.mer. For purposes of comparison , the water 
was first determined in the unground specimens . All the conditions 
were maintained as nearly uniform as possible . 
. 1. Magnesium Sulphate- Water ( per cent) 
The unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 .85  
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 .30  
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 .55  
2 .  Sodium phosphate- Water ( per cent) 
The unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 8 . 6 1  
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 .76  
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .85  
3 .  Potassium Alum-
Water ( per cent ) 
The unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 .47  
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 . 9 8  
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 4 9  
The unground specimens swelled to such an extent that great care 
was necessary in the heating to prevent the alum from creeping over 
the walls of the crucible . After grindin g  to a fine powder there was 
no such difficulty, as the substance fused to a hard ball in the bottom 
of the crucible. 
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4.  Barium Chlori<le- Water ( per cent ) 
After grinding two hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.06 
The unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14.9 5 
The grinding increased the .amount of water . . . . . . . . . . . . . . 2 .11 
This result was unlooked for but repeated trials showed the same 
increase . ·while at first the substance seemed dry, by continued grinding 
it became moist and sticky. 
5. Copper Sulphate- Water ( per cent ) 
The unground crystals . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . .  35 .88 
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 .95  
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .93 
The substance changed fr9m a bright blue to almost white in the 
grinding process . In both cases heat was applied very carefully to 
prevent the decomposition of the copper sulphate. 
6 .  Ammonium Alum- Water ( per cent ) 
The unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47.29 
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46.96 
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .33 
The substance was difficult to grind toward the end of the operation 
as it would harden to the mortar from which it was difficult to be 
remoYed. This  wns most easily effected ·with a pl atinum . spatula .  
7 .  Sodium Alum- Water ( per cent) 
The unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 .89  
After two hours '  grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 .84 
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.05 
The result "·n s surprising, but three trials showed the same l arge dif­
ference. 
8 .  Iron Alum- ( Water ( per cent) 
The unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 .24  
After two hours' grinding · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 .84  
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.40 
The substance became so firmly attached to the mortar that it could 
be removed only with a platinum spatul a .  
9 . Iron  Sulphate- Water ( per cent ) 
Unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ·3 8 .64  
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24.63 
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The substance was diffienlt to grind · On account 0£ adhering so tena­
ciously to the · mortar . vV e therefore substituted a large agate mortar 
and pestle th at seemed unusually hard and well polished, not having been 
used before. This rendered the grinding 0£ each substance much more 
satisfactory. 
1 0 .  Calcium Sulphate, transparent selenite-
The unground crystals . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . .  20.90 
After two hours'  grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.66 
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 .24 
11. Sodium Thiosulphate-
Ungrqund crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.19 
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24.43 
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 76 
12 .  Barium Chloride-
\Ve decided to repeat the experiment ( 4 )  on account 0£ the unexpe_cted 
result. 
Tile unground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.76 
After two hours' grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 .85  
The grinding increases the amou!lt of water . . . . . . . , . . . . .09  
A number 0£ trials gave the same result. The crystals become moist 
and sticky by continual grinding. 
13. Borax-
Unground crystals . . . . . . . .  '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 .62 
After two hours'  grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 .08  
. Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 .54  
14 .  Strontium Chlori de-
"C nground crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .  35 .66 
After two hours ·  grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.22 
Removed by grinding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.44 
Thanks are due Miss Florence Klaus and I. B .  Bleeker for all  the 
determinations described in this p aper . 
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